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Abstract: It is well known that the U(1) gauge vector field, with the standard five-
dimensional (5D) action, cannot be localized on Randall-Sundrum-like braneworlds with
an infinite extra dimension. In this paper, we propose a modified 5D action to localize U(1)
gauge vector field on flat branes with an infinite or finite extra dimension. The localization
method is realized by adding a dynamical mass term into the standard 5D action of the
vector field, which is proportional to the 5D scalar curvature. It is shown that the vector
zero mode is localizable if the 5D spacetime is (asymptotic) AdS5. Moreover, the massive
tachyonic modes can be excluded.
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1 Introduction
The braneworld theories have received a lot of attentions since the success of the Randall-
Sundrum (RS) thin brane models [1, 2]. In braneworld theories, the localization of gravity
and all kinds of matter fields on the brane is always an important issue. It is well known
that the four-dimensional graviton can be localized in the RS thin brane scenario [1, 3]
and in thick brane scenarios [4–10]. The localization of real scalar field is the same as
gravity in general relativity [11], but may be different from or even opposite to gravity in
some modified gravity [12, 13]. By introducing the usual Yukawa coupling between the
background scalar field and the fermion field, the fermion can also be localized onthe brane
generated by an odd scalar field [11, 14–19]. However, if the brane is generated by an even
scalar field, we need to introduce new localization mechanism in order to localize fermion
on the brane[20].
In five-dimensional (5D) spacetime, the U(1) gauge field AM with the usual action
S ∼
∫
d5x
√−gFMNFMN , (1.1)
where FMN = ∂MAN − ∂NAM is the field strength, can be localized on the brane in
some special braneworld models, for example, in the standing wave braneworld model [21],
in the braneworld models with finite extra dimension [22–26], and in a 6D model [27].
But it cannot be localized in a RS-like baneworld model with an infinite extra dimension
[11, 28, 29].
In order to localize U(1) gauge field on branes in 5D RS-like models with an infinite
extra dimension, the typical localization mechanism is to reform the action (1.1). In the
thin brane scenario, many ideas were proposed for this issue [30–33]. In ref. [30], the
author added a topological term and a 3-form gauge potential into the action (1.1). In ref.
[31], a bulk mass term of the vector and a coupling between the vector potential and the
brane were introduced. In ref. [32], the action (1.1) was changed to
S ∼
∫
d5x
√−ge2α(y)FMNFMN , (1.2)
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where e2α(y) is the warp factor. In this model the vector zero mode can be localized on the
negative tension brane. In ref. [33], gauge field kinetic terms induced by localized fermions
were added into the gauge field action.
In order to localize U(1) vector fields in a thick brane models, Kehagias and Tamvakis
(KT) proposed a coupling between the gauge field and an extra dilaton field. The KT
mechanism has been applied in many different brane-world scenarios [34–40]. Recently,
Chumbes, Holf da Silva and Hott (CHH) proposed a new mechanism [29], in which gauge
and tensor fields directly couple to a functional of the background scalar field. By intro-
ducing a Stueckelberg-like action, Vaquera-Araujo and Corradini realized the localization
of vector in thick brane model[41].
In this paper, we propose a new localization method to localize U(1) gauge field on
the brane. We assume the 5D gauge field has a dynamic mass term, which is proportional
to the 5D scalar curvature. Our localization method can be used both in thin and thick
braneworld models with infinite or finite extra dimension. To localize gauge field zero
mode, the only assumption we need is that the 5D spacetime is (asymptotic) AdS5. With
the same assumption, we can further prove that there is no tachyonic mode in the KK
spectrum.
The paper is structured as follows. In section 2, we show the setup of our localization
method of gauge field on the brane and prove that the zero mode is localizable under
the assumption of that the five-dimensional spacetime is (asymptotic) AdS5. Further, in
section 3, we prove that tachyon modes can be excluded. We conclude our results in the
last section.
2 Localization method of vector field on the branes
The line-element describing a flat (Minkowski) braneworld embedded in five-dimensional
spacetime is assumed to be [1]
ds2 = GMNdxMdxN = e2α(y)ηµνdxµdxν + dy2, (2.1)
where e2α(y) is the warp factor, α(y) is a function of the extra dimension y, GMN is the
metric of 5D bulk spacetime and M,N = 0, 1, 2, 3, 4 stand for the bulk coordinate indices,
and the Minkowski metric ηµν on branes with signature (−1,+1,+1,+1) and µ, ν = 0, 1, 2, 3
correspond to the brane coordinate indices.
In order to localize vector fields on branes, we introduce a dynamical mass term and
the action reads
S =
∫
d4xdy
√−G
(
−1
4
GMNGRSFMRFNS − 1
2
M2GMNAMAN
)
, (2.2)
whereM2 is a function of the 5D scalar curvature. Here, we set
M2 = − 1
16
R, (2.3)
With the metric in Eq. (2.1), the scalar curvature is given by
R = −4(5α′2 + 2α′′). (2.4)
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In this paper, the prime stands for the derivative with respect to y. Because the brane is
flat so R is only a function of extra-dimension coordinate y.
Here, we parametrize AM in the following way [31, 42, 43]:
AM = (Aˆµ + ∂µφ, A4), (2.5)
where Aˆµ is the transverse component which satisfies the transverse condition ∂µAˆµ = 0,
and φ is the longitudinal component. Substituting Eq. (2.5) into the action (2.2), with the
transverse condition, one can find that the transverse vector Aˆµ decouples from the scalar
fields φ and A4, and the action (2.2) can be split into two parts,
S = SV (Aˆµ) + SS(Aˆ4, φ), (2.6)
where [44, 45]
SV =
∫
d4xdy
√−G
(
−1
4
FˆλµFˆνρGλνGµρ − 1
2
∂4Aˆµ∂4AˆνG44Gµν − 1
2
M2AˆµAˆνGµν
)
,(2.7)
SS =
∫
d4xdy
√−G
(
− 1
2
∂4(∂µφ)∂4(∂νφ)G44Gµν − 1
2
M2∂µφ∂νφGµν − 1
2
∂µA4∂νA4G44Gµν
− 1
2
A4A4M2G44 + ∂µA4∂4(∂νφ)G44Gµν
)
, (2.8)
and Fˆµν = ∂µAˆν − ∂νAˆµ.
Because we focus on the localization of vector field, and the scalar sector had been
discussed in Ref. [43], therefore we will not discuss the localization of the scalar particles
in this paper. The transverse vector field can be decomposed as
Aˆµ(x, y) =
∑
n
A(n)µ (x)χn(y), (2.9)
where A
(n)
µ (x) is the 4D vector KK mode and χn(x) is called as the KK wave function
[46], here and the following “Σn” is a shorthand for the summation and integration over
discrete and continuum KK modes.
By means of the KK decomposition (2.9), the action (2.7) can be further reduced to
SV = −1
4
∑
n
∫
dyχ2n
∫
d4x
(
ηµνηλρF
(n)
µλ F
(n)
νρ +2m
2
nη
µνA(n)µ A
(n)
ν
)
, (2.10)
where F
(n)
µν = ∂µA
(n)
ν −∂νA(n)µ is the four-dimensional vector field strength tensor. In order
to obtain the action (2.10), the KK wave function χn(y) is required to satisfy the following
equation
− ∂y
(
e2α∂yχn
)
+ χne
2αM2 = m2nχn, (2.11)
and the orthonormalization condition∫
χm(y)χn(y)dy = 0, (m 6= n). (2.12)
From the actions (2.10), the localization of the 4D vector KK mode requires
I ≡
∫ +∞
−∞
χ2n(y)dy <∞. (2.13)
By using the following field transformation
χn = e
−αχ˜n, (2.14)
Equation. (2.11) can be rewritten as
− χ˜′′n +
(
α′′ + α′2 +M2 − e−2αm2n
)
χ˜n = 0. (2.15)
For the vector zero mode, m0 = 0, Eq. (2.15) can be written as
− χ˜′′0 +
(
α′′ + α′2 +M2)χ˜0 = 0. (2.16)
Substituting Eqs. (2.3) and (2.4) into Eq. (2.16), we can obtain
− χ˜′′0 +
(3α′′
2
+
9α′2
4
)
χ˜0 = 0, (2.17)
which can be further factorized as(
− d
dy
− 3
2
α′
)(
d
dy
− 3
2
α′
)
χ˜0 = 0. (2.18)
The solution of the above equation is
χ˜0(y) = c0e
3
2
α(y), (2.19)
and further one can get
χ0 = e
−αχ˜0 = c0e
1
2
α. (2.20)
With the above solution, the integration (2.13) reads
I =
∫ +∞
−∞
χ20dy = c
2
0
∫ +∞
−∞
eαdy. (2.21)
Because the integrand in Eq. (2.21) is continuous at the interval y ∈ (−∞,+∞), the con-
vergency of the above integrations is determined by the asymptotic behaviors of integrands
at the infinity.
Now, we prove that if the five-dimensional spacetime is asymptotic AdS5, the vector
zero mode is always localizable. The condition of asymptotic AdS5 means that, when
y → ±∞, the warp factor has the following asymptotic behavior
α(y)|y→±∞ → −k|y|, (2.22)
where k is a positive constant and it usually relates with the five-dimensional fundamental
scale in RS-like braneworld scenarios. With this condition, the asymptotic behavior of
integrand in Eq. (2.21) reads as
eα|y→±∞ → e−k|y|. (2.23)
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Therefore, the integration (2.21) is convergent, namely, the 4D vector zero mode is local-
izable. If the extra dimension is finite, the conclusion is also valid.
Our conclusion can be easily verified in the RS-II model [3], in which α(y) = −k|y|.
Substituting it into Eq. (2.21), we obtain
I = 2c20
∫ +∞
0
e−kydy = 2c20/k. (2.24)
Normalizing I results in c0 =
√
k/2. Therefore, the vector zero mode is localizable in RS-II
model.
3 Excluding 4D vector tachyonic modes
Further, we will discuss if this new localization method can exclude the tachyonic modes
of 4D vector field. To discuss the massive modes and mass spectrum, it is more convenient
to work with the conformal metric:
ds2 = e2α(z)
(
ηµνdx
µdxν + dz2
)
. (3.1)
The form of dynamic mass with above metric (3.1) is
M2 = − 1
16
R = 1
4
e−2α(3α˙2 + 2α¨). (3.2)
where the symbol “ . ” means the derivative with respect to z.
Making use of the KK decomposition
Aˆµ(x, z) =
∑
n
A(n)µ (x)χn(z), (3.3)
and the transformation
χn(z) = ρn(z)e
−α/2, (3.4)
the action (2.7) reduces to
SV = −1
4
∑
n
∫
dzρn(z)
2
∫
d4x
(
F (n)µν F
(n),µν + 2m2nA
(n)
µ A
(n),µ
)
. (3.5)
The localization of KK modes means
I ≡
∫ +∞
−∞
ρ2n(y)dy <∞. (3.6)
At the same time, the function ρ(z) is required to satisfy a Schro¨dinger-like equation
(−∂2z + V (z)) ρn(z) = m2nρn(z) (3.7)
and the orthonormalization condition∫
ρm(z)ρn(z)dz = 0 (m 6= n). (3.8)
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The effective potential is given by,
V (z) =
1
2
α¨(z) +
1
4
α˙(z)2 + e2αM2. (3.9)
Substituting the expression ofM2 in (3.2) into Eq. (3.7), we obtain
V (z) = α¨(z) + α˙(z)2. (3.10)
With above potential Eq. (3.7) can be further factored as
(−∂z − α˙) (∂z − α˙) ρn(z) = m2nρn(z). (3.11)
This is the supersymmetry quantum mechanics form of the Schro¨dinger equation (3.7) [47],
which guarantees the positivity of m2n. Therefore, the tachyonic vector modes are excluded.
This result is independent of the asymptotic behavior of spacetime.
4 Conclusion
In this paper, we proposed a new localization method of U(1) gauge field. In our method
a dynamical mass term was added into the 5D action of the vector field. The dynamical
mass term is proportional to the 5D scalar curvature. It was shown that, if the brane is
embedded in a 5D AdS5 spacetime, then the vector zero mode is localized on the brane.
Moreover, we also proved that there is no vector tachyonic mode with our method.
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